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FACTORS AND CONDITIONS THAT AID IN ALINGMENT OF PILLAR 
EXTRACTION LINES IN COAL MININGL 


By J. lh. Geyer*® 


IMPORTANCE OF PILLAR RECOVERY 


pie. “iis early stages of the mining industry of tie United States an 
connrently inexhaustible supply of high-quality, easily accessible coel made 
vis@ product cueap and the attendant mining methods wasteful of recoverable 
coal. Because coal from advance places could be mined witn less effort and 
a lerge output obtained as the entries advanced, mica of the coel left in 
pillars to support the roof was lost. Squeezes often developed in these 
mined-over areas, or, if pillars were of sufficient size to prevent squeeze, 
the roof wovld be so weakened by long exposure that any pillar recovery was 
ez.tremely hazardous. a: 


As the value of unmined coal increased, a higi: recovery of tne available 
coal became necessary. Numerous plans were tried during the period that . 
followed, some of the methods proving successful wile others were complete 
failures or only partly successful. as a better knovledze was gained of the 
roof strata and its behavior, however, pillar mining vecame more successful 
and methods suited to special roof conditions were developed. 


In tne study of falls of roof in bituminous-coal mines concucted by the 
Bureau, particular attention is necessarily directed toward the metuods of 
mining used as they affect roof control in pillar extraction. As a result 
uf these studies, several methods for winning the pillar coal and controlling 
tne roof along rib lines under diverse natural anc economic conditions have 
been ovserved, and it is believed that a brief discussion of these methods 
and their application vill be of material aid in recovering the coal in otner 
mines having similar conditions. 


Tae data used in preparing this paper have been compiled from reports made 
in connection with the study of falls of roof and coal by Bureau engineers and 
includes coal mines in western Pennsylvania, northern West Virginia, and a 
part of southern West Virginia. 


lL he Bureau of Mines will velcome reprinting of this paper, provided the 
following footnote acknowledgment is used: "Reprinted from U. S. Bureau 
of Mines Information Circular 6727," 

2 associate mining engineer, U. S. Bureau of Mines, Pittsburgh Experiment 
station, Pittsburgh, Pa, 
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DESCRIPTION OF THE DISTRICTS 


In Pennsylvania the studies have been confined to mines in the Pittsburgh 
bed in Allegheny, Washington, Greene, Westmoreland, and Fayette Counties. 
Mines studied in West Virginia include those in the Pittsburgh bed in the 
Panhandle district; the Pittsburgh and Sewickley coals in the Fairmont dis- 
trict; and the Pocahontas No. 3 coal in LicDowell County. 


Topogra 


The topography ranges from gently rolling to broken in the Panhandle in 
West Virginia and the western portion ef the field in Pennsylvania. In the 
eastern part of the field in Pennsylvania and in the Fairmont district in 
West Virginia the surface is more rugged, the streams hrving cut ceep V-shaped 
valleys leaving comparatively sharp ridges. In McDowell County the surface 
is decidedly rugged. | 


Thickness of cover 


The strata overlying the coal ranges from a few feet at outcrop to 1,000 
feet in a few places. Covers of 500 feet are common over the Pittsburgh coal 
in the gas and coke region of Pennsylvania and in the Fairmont district of 
West Virginia. Over the Sewickley coal, where mined in West Virginia, the 
cover seldom excesds 300 feet. In McDowell County, W. Va., the cover often 
exceeds 500 feet and as much as 1,000 feet has been encountered. The follow- 
ing table gives the range in cover over each group of mines studied: 
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Cover or overburden on coals in the district studied 


ES ~ CEI EEL ie tome ERE? OEE pe ENR EE PLT EE) CR TE I TE LE EE 


State and district 
Pennsylvania: 


Pittsburgh bed - 


Allegheny and 
northvestern 
Washington Counties .... 


North-central —* 
Washington County ...e.. 


Irwin, Greensburg, and 
Latrobe basins ...cerees 


Eastern lashington and | 
Greene Counties .ecwccoe 


“Fayette GOUNGY sks oS 0.8 


West Virginia: 


Pittsburgh bed - 


Panhandle ...cccccsccves 
Harrison County ......e. 


Marion and Monongalia 
Counties eeeevo@aeevoeoeeeeaeo0e8 0 


Sewickley bed, Monongalia 
County eeceoeeeeeeeeeeoeevevne ees 


Pocahontas 3, McDowell 


county e@eeoeveeveeev@evn e028 ede & 
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Nature of Roof 


Tae roof over the Pittsburgh and Sewickley beds is comprised largely of 
sandstone, limestone, shale, end clay. ‘The sandstone strata-vary. from -flagey 
to massive structure and may occur in beds over 60 feet thick. Limestone 
beds may attain a thickness as reat as toe sandstone-and be exceptionally 
strong, or tnoey may be mixed with calcareous clays and nave littie strength. 
The shales vary widely in composition and strength. 


In McDovell County, W. Va., the cover over the Pocahontas No. 3 coal is 
comosed elmost entirely of sandstones and sandy shales. Beds of massive 
sandstone over 100 feet thick are found. wo calcareous rocks are found in 
the New River and Pocahontas groups of the Pottsville series, which forma- 
tions are exposed above the Pocahontas coal in the mines studied. Typical 
stratigraphic sections of tne roof are shown in Figure l,. 


Coal Beds 


The Pittsburgh coal varies from 52 tc 108 inches in thiclmess and is 
cnaracterized by its bright apvearance, hard texture, and blocky fractures, 
the latter resulting from the pronounced face and butt cleats in the coal. 
It is of bituminous rank in the region discussed and varies from a steam 
and domestic quality fuel to an excellent coking coal for wetallurgical uses. 


The Sewickley coal lies approximately 100 feet above the Pittsburgh 
coal in the mines studied and ranges from 45 to 72 inches in thickness. In 
@pnearance the coal is similar to the Pittsburgh and is widely used for 
steam and domestic purposes. 


The Pocahontas No. 3 coal, which is 55 to 98 inches tuick in the mines 
studied, is of semibituminous rank, extremely friable, and nas a columnar 
fracture; it is not characterized by well-defined cleats, as are the former 
coals. This coal is widely used in making metallurgical coxe and for raising 
steam where low ash and high calorific values are required. 


Floor 


The material underlying the Pittsburgh coal varies from a hard limestone 
several feet thick to a fire clay thet becomes soft and plastic when exposed 
to moisture, 


The Sevickley coal rests on a stratum of hard fire clay, about 6 inches 
thick, below waich is a sandy shale; in some instances the clay is replaced 
by a hard, sandy shale. The clay has a tendency to expand as the coal is re- 
moved in advance work, and in a few cf the mines the bottom neaves badly in 
places that have stood for long pericds. 


Underlying tne Pocahontas coal is a nard fire clay about 24 inches thick, 
sometimes replaced by a hard gray shale. The floor does not heave readily nor 
ls it affected appreciably by water. 
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Mining hethods 


. & 


A detailed description of the methods of mining used would require 
separate treatment; horever, any discussion of pillar recovery must of 
aecessity be prefaced: wita a brief review of the methods used in developing 
the properties. heya 


Some form of the room-and-pillar system was used in all of tne mines 
studied. The types ranged from wide rooms and narrov pillars not recovered 
to the block system with narrow rooms end wide pillars which are systematically 
recovered. Rooms varied in width from 10 to 24 feet and room pillars from 
9 to ll feet. In general, where the rooms are wide the pillars are narrow; 
in a@ mine leaving 9 -Loot pillars the rooms are 2l feet wice, : 


Tae mines opened in the Pittsburgh coal and most of those in the Serickley 
bed have been developed with the rooms driven on tne face cleats in the coal - 
wich means, that the face of tne room is parallel to the face cleats in the 
coal, The room entries are driven parallel to the face cleats or on the butts 
and are turned off face-entry systems 600 to 2,400 feet apart. These face 
entries, together with main butt-entry systems, driven parallel to the room 
entries and connecting the face entries at intervals of 1,200 to 4,000 feet, 
divide the mine into paneis. Headings in each entry system are driven on 
centers of 30 feet to 125 feet and 9 to 18 feet wide. Several of the mines 
using the room-and-pillar block system drive headings, rooms, and crosscuts 
the same width and on the same centers, generally 60 to 100 feet. 


The cleat in the Pocahontas No. 3 coal is poorly definec and is not con- 
sidered when developing a property; the dip and form of the property are con- 
trolling factors. Rooms in the mines visited were 16 to 25 feet wide, leaving 
villars 40 to 50 feet wide. Headings generally are driven 12 to 18 feet wide, 
tut in a few instances haulage headings have been driven 20 feet wide and air 
courses as much as 24 feet wide. Headings are on centers of 60 to 70 feet. 
the mines are generally laid out in panels similar to the mines in the 
sittsburgh region unless the coal area is broken as the result of outcrops, in 
which case the practice has often been to make several entrances along the 
cutcrop connected with an outside tramway. 


The coal-mined in development and a large portion of the pillar coal is 
mined witia coal-cutting machines, In only one large mine was all of the coal 
hand-mined. Most of the coal is undercut on the floor with shortvall-type 
machines; in the other mines, some form of track-mounted mining machine is 
used, cutting either at tne top or on'the bottom. A few of the track-mounted 
machines employed are equipped for shearing, but tuis feature is not alvays 
used, 
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Mechanical loading is used to a small extent, but in most instances is 
Still in the experimental stage, although this method generally has proved 
sufficiently successful, even in pillar recovery, to warrant serious consid- 
eration, its economic use often depends on a shortage of mine labor, and the 
decreased demand for coal during the past few years has not been conducive 
to widespread adoption of mecaanical loading. 


GENERAL CONSIDsHATIONS IN RECOVERY Of PILLARS 


Essentials to successful pillar mining are the removal of all standing 
coal along the goaf that might delay or prevent free roof subsidence and con- 
plete control of the roof weight along the break lines. With these facts in 
mind, there are several factors that should be considered carefully by the 
management of any coal mine before attempting to recover pillars and, if 
possitle, before extensive development is done. ‘The factors controlling 
pillar recovery may be grouped under three heads: (1) natural conditions, 
(2) economic factors, and (3) safety pouatensl ans: 


Natural Conditions 


The principal natural or physical conditions that affect coal mining are 
the cover overlying tue coal, the coal bed worked, and tue strata underlying 
the coal that may be affected by or itself affect the removal of the coal. 
The overlying strata or roof is considered in two parts: the immediate roof, 
or that part first above the coal which is not normally self-supporting ex- 
cept over limited areas, and ths main roof which is comprised of that part of 
the overburden above the immediate roof and is considered self-supporting 
over the working places. As behavicr of these in mining is different, it is 
necessary to discuss each individually. 


Main Roof.~- The main roof may affect mine development if the cover is 
heavy and a strong, massive rock stratum lies above a weaker stratum near 
the coal. In this event the massive formation acts downward more or less 
equally over a large area and if the pressure is sufficient will cause the 
weaker material to flow into the passageways opened in the coal bed. This 
condition generally exists only in entries driven into virgin coal and rarely, 
if ever, affects pillar recovery. Tue factors most to be considered in 
planning pillar extraction are the eomposition, structure, strength of the 
strata: individually and collectively, and the weight of the serpents: 


Coal deposits were laid down during periods of sedimentation ana as & 
result the strata adjacent to the coal beds are sedimentary in origin except 
in some districts where local igneous intrusions have occurred. The rock 
strata most commonly associated with bituminous coal in Pennsylvania and West 
Virginia are sandstone, limestone, shale, and clay. 

The sandstones, if of massive formation, may be difficult to break and , 
have a tendency to bend so as to cause a squeeze, especially if any coal is 
left standing in the goaf, but those beds having weak structure broak 
readily and are seldom difficult to control. 
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The calcareous muds which formed limestones were often Cepoeete ‘at such 
ce~ths that wee were free from superficial currents - fae 
a 3 b. «. OME Gee cool 6.58 rat 
Bee ounanied: ae deposition of shales and saxcstoneé i. 38 SLEL Lore vaters - 
as a result, the pure limestones are relatively tnicx-bedded and strong. ~~ 
Earthy limestones, which are frequently encountered in the areas studied, -: 

may be little stronger than a clay deposit or have a strength apvroaching 
tnat of a pure thick-bedded limestone. Thick strata of limestone. my. there- 
fore be difficult to break and, if obstructions to complete subsidence are | 
left in the goaf, the limestone may be supported sufficiently before the 
elastic limit is reached to prevent fracture and result in a squeeze. . The 
muds forming shale were often deposited in shallow water within reach of . 
swift or variable currents which, with frequent changes in the composition 
of the muds, produced marked stratification. As a result of stratification 
and jointing, the shales are generally broken without difficulty. 


Clays Sucgunt seed in the roof behave much like weak shales until exposed. - 
to moisture, after which they disintegrate rapidly; ordinarily. they have little 
effect on mining unless they occur in the immediate roof or in the floor, — 


Immediate Roof.— The immediate roof is a factor in mining that mst not be 
overlooked in both development work and pillar recovery. In general, the 
immediate roof strata mist be supported until the pillars are withdrawn or 
taken down as the working places advance into solid coal as is true often 
with draw slate. The immediate roof generally consists of shales, clays, and. 
coal and is seldom more than 10 feet thick. Clay, sucn as that forming the 
araw slate over the Pittsburgh coal, as:a@ rule must be taken down:as exposed 
unless the coal bed is thick enough to permit leaving a.few inches of head 
coal to protect the clay from the mine atmosphere. If a stratum of coal 
several inches thick occurs in the immediate roof, it will cften prevent 
weathering of weaker strata above, although its actual strength is nct great. 


In pillar work the behavior of the immediate roof depends, to a large 
degree, on the action of the main roof, If the main roof breaks close.to the 
rid line and does not cause appreciable vending over the pillars, little 
trouble need be expected from the immediate roof.. Anotner impcrtant factor 
is the time interval between exposing the roof in rooms and tae subsequent . 
pillar extraction;.the longer this interval the more weakened becomes the 
immediate roof, with increased hazard and eapenee when the pillars are ulti- 
mately extracted. 


Goal _bed.- The thickness of the coal bed, the structure of the coal, and 
its strength are important factors in tae recovery of pillars. The thickness 
of the coal is of importance in determining whether or not pillars can be re- 
covered, If the lowest member or members of the main roof are of massive 
formation and bend appreciably before rupture, it is possible in mining thin 
veds for the roof to rest on the floor before the elastic limit is reached, 
resulting in an unavoidable squeeze. Under such conditions, some form of. 
longwall mining might. be advisable. a | 
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Most bituminous and some semibituminous coals have vertical joints or 
cleavage planes along which the coal, in developed areas, tends to open when 
under heavy roof loads. Coals with poorly defined joints generally have 
greater rigidity tnan coals with well-defiried cleats. The effect of struc- 
ture.on the strength of coal in pillars is discussed more fully in another 
part of this paper. .. 


The strength of the coal in otis: is of great immortance if the 
pillars are to be mined, and an early attempt should be made by the manage- 
ment of each mine to determine the amount of coal that must be left in pillars 
along the rib line in order to break the roof sue prevent ne weight from 
riding over the piilars. 


Floor.- The floor may or may not be a factor of consequence in pillar 
recovery. If the floor heaves to such an extent that creding mst be done 
to maintain the track in serviceable condition, the removal of pillars may 
be delayed at some points along the pillar line, introducing irregularities 
in the breakline. Occasionally , a floor material that flows readily under 
the roof weight may cause narrow pillar stumps to overturn partly, ani 
e:.traction aifficult and hazardous. 


Economic Factors 


Pillar extraction is not always economically practicable. Some of the 
more important factors to be considered are the value of the coal in place as 
compared with the value of the surface which might be damaged by subsidence, 
the value realized from the coal against the cost of recovery, and the 
possibility cf water's entering the mine through surface breaks or from water- 
bearing strata overlying the coal. These factors should be considered care- 
fully before ex:tensive development is dene, as changes made after a property 
has been largely developed are seldom entirely satisfactory. An additional 
factor that must be considered in mines where a large number of rooms have 
@lready been developed is the cost of reconditioning the places for pillar 
recovery. This will vary depending on the behavior of the roof and floor 
and the length of time since the rooms were developed. The principal items 
of expense are relaying track, retimbering, and removing falls. 


In & region where the surface is valuable and subsidence would cause 
damage greater than the value of the coal would justify, pillar mining could 
not be considered. Where the coal is extremely valuable, &s in the 
Pennsylvania anthracite region, the open area resulting from the removal of 
coal may be filled with sand or other waste material to prevent destructive 
subsidence and allow maximum recovery. 


If a heavy draw slate overlies the coal and must be taken down in all 
working places, the cost of nandling this rock in pillar work may be as mich 
as the profit realized from the sale of tne coal. In tnis case, hovever, 
pillars may possibly be mined profitably during periods of coal shortage, 
altoough intermittent pillar mining is not generally successful. 
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Where tne coal is under cover of less than 100 feet, there is always 
danger of large inflows of surface water during rainy seasons if the roof 
is broken, This has caused the abandonment of pillar recovery in some mines 
where other conditions were favorable to pillar mining. 


In certain localities large quantities of water are contained in the roof 
strata, which, if broken, would allow mich of this water to find its way into 
the mine. If a thick bed of clay lies between the coal bed and water-bearing 
formation, the water may be sealed off by the flow of clay into the break, 
but, as additional roof breaks are made, water will again enter the mine, mak- 
ing a continual problem. In farming regions, to break a water-bearing forma- 
tion often drains the wells in the district and brings damage suits or in- 
Junctions against the mining company. 

?v 

Where rooms are driven as the entries are advanced and pillar extraction 
is delayed, the cost of recovering the pillars increases until in some in- 
stances the cost makes recovery prohibitive. This is especially true if 
heavy falls have occurred in the rooms and the pillars are too narrov to 
admit of driving a split parallel to the room to reach the back of the pillar. 


Safety Considerations 


The relative safety of a method of mining is sometimes overlooked until 
& series of accidents has forcibly focused attention on the hazard. This is 
particularly true in some forms of pillar recovery waere the workmen are re- 
quired to work under roof heavily stressed or anes lerge open areas exist 
along the break line. 


The greatest hazards to the workmen in pillar mining are falls of roof 
and coal from the sides. These may be minimized, first, by choosing a metnod 
of pillar recovery that most nearly controls the roof stresses incident to 
breaking the roof and prevents the carrying of excessive weignt by the pillars; 
second, by an effective system of timbering that affords apis protection from 
fells of the immediate roof and spalling coal from tue sides; and third, ample 
supervision by competent officials, without which no system of mining or tim- 
bering will be effective. 


MUTHODS OF EXTRACTING PILLARS 


The common methods of extracting pillars in the districts studied are 
(1) the pocket-and-stump; (2) open end; (3) slabbing; and (4) splitting. The 
pocket-and-stump method is the most generally used of tne four and the open- 
end method is second in fe¥or. The slabbing and splitting methods are seldom 
used in systematic recovery unless in conjunction with some other method, 


Tne pocxet-and-stump and open-end metiods are similar in general 
principle, the greatest difference being in the method of sunporting the roof 
along the rib line. In the former method a narrow pillar of coal known as 
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the stump is left along the goaf to, support the roof white driving tue. poc%et 
(see fig. 2A); witu tne open-end metiuod, however, the nuast is onen ou is |: 
goaf side and tne roof is supported o: timber as in Figure 2 B.‘ iinen-the... | 
vocket-end-stumm method is used, it will be noted: that the worlman's yetreat 
igs ulveys protected wy coel even during removal of the stum, but in the oven- 
end method the roof on the goef side is carried on timber which mst be re- 
moved after the coal has been minea across the end. 4 choice between these | 
two methods depends, to a certain extent, on the behavior of the roof end 
coaracter of the coal, neitner of whicn has been studied sufficiently for the 
formulation of rigid rules; iiowever, e1cu onservations as nave::been made will 
be discussed under the beliavior of pillars along the rib line. . 


fn example of the slabbin;: method for the recovery of pillars is show 
in Figure 2 C. . By this method successive slabs are cut from oue rib after a 
room is finisred, uitil as much of tne pillar is removed as can be recovered 
safely. Tne disadvantage of this system is thet the open area of the working 
place is always increasing and that tne loaders are alwa;;s working away fror 
the solid pillars toward the goef. 


Figure 2 D shows a method of recovering pillar coal that is nov seldon 
found, although its use vas conmon in tne early periods of mining. By this 
method @ room isdriven througn the pillars, splitting tneu into smaller 
blocizs; from this secondary room, pockets are turned et right angles and 
criven into the small pillars to recover suc: coal as may te mined safely. 
This metaod amounts to little more than gouging the villars, and as the re- 
covery is seldom high, tne metiod is westeful and generally results in a 
squeeze, 


DzeSCRIPTION OF RIB LIVES 


In pillar recovery it is essential to relieve the villars being mined of 
all possible weight in excess of tnat resulting from tie cover cirectly over 
them. The ideal metizod would be to cause the roof to sneer vertically along 
the pillars as the coal is removed, but as tunis would be extremely difficult 
to accomplish in prectice, the solution lies in extracting the pillars in a 
manner tnoat will produce breaks most closely anvroéching the ideal and at the 
same time will produce the least stress in the roof over tue working vlaces. 


In advance mining and during tne early stages of pillar extraction the 
roof behaves like successive beams, but as the unsupvorted spen becomes great- 
er the lower members of the roof break and fall. The removal of additional 
pillars again increases tne open area and the lower straia of the roof are 
stressed like cantilever beams and. will fall as the weigut of the overhanging 
strata becomes sufficient to break the rock. Similarly, as the span is in- 
creased, the higher strata fall until the surface is reacied ana tle entire 
roof may be considered a series of cantilevers. In a cantilever the bending 
moments and shear stresses are maximum at the point of support and, if these 
stresses are to be utilized fully to break tne roof, tre points of support 
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Figure 3 -Development of a single rib line. 


Figure 4 -Trace of irregular rib line, showing effect on 
roof over pillars. 
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Figure 5 -Sining pillars in narrow panels with 
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should lie along a straight line. As a result, pillars are generally ex- 
tracted along continuous lines of varying lengths, tue traces of vhich re- 
senble a series of steps es shown in Figure 5. In the strictest sense, such 
& rib line could hardly be considered a straight line; aowever, the actual 
trace of the line is not as important as the points supporting the overhanging 
roof. Along such a line tne roof strata, except the treaker members of the 
imsediate roof, are supported as beams across the goaf area between the 
pillars; but the main roof overhanging the goaf as a cantilever is most 
aeevily stressed at the points of support or along the straigat line B-B 
through the corners of the pillars extending into tue goaf. 


The more common forms of rib lines are the single line, the compound line, 
the diverging V-line, and tne converging V-line; of tnese, the single line is 
the most common and represents the rib line in its simplest form. 


The Single Line 


 , A single line generally is commenced by removing a pillar at one corner 

of a panel, lixe pillar 1 in Figure 3. When the extracted area reaches line a, 
mining is commenced in pillars 2 and 3, to be followed by the extraction of 
pillars 4, 5, and 6 when the goaf area extends to b. 


After establishing a rib line, it is essential t.it the break line be kept 
Straight. By this it is not meant that a corner of each pillar mst at all 
times coincide with the break line, for such a condition would be difficult 
to maintain in practice, but it is necessary to hve 6 sufficient number of 
the pillars to coincide with this line to support the roof and to distribute 
tuis support uniformly along the entire rib line, because if the load is 
supvorted unequally, the roof will crush the overloaced pillars and develop 
into a squeeze. 


The effect of an irregular rib line is shown in Figure 4. This rib line 
1s approximately 2,400 feet long and under heavy sancstone and sandy shale 
cover, It will be noted that at points 1, 5, and 5 the pillars coincide with 
line B-B, which should be the break line if the pillars are to be relieved of 
excessive roof weight. However, as these points are apvroximately 750 feet 
fpirt and the cover is 500 to 700 feet thick, the load is too great for the 
coal to support, causing the pillars at these points to crush and breaking 
the roof over the working places. If the cover were light and the rock 
structurally weak, a series of snort break lines connecting points 1 to 5 rith 
the ends of the rib lines might prove reasonably satisfactory, but a strong 
roor strata will act along a straight line over the pillars, the e.act posi- 
tion of which will be determined by the strength of. the supporting pillars 
ana the weight of the overlying strata, It will be assumed tuat this line 
lies along R-R: then on the goaf side cf this line tne pillars will be crushed 
apyreciably and the roof over working places will snow signs of failure. An 
e.auination of the working places along this line cisclosed that the pillars 
at points 1, 3, and 5 were badly crushed, rendering recovery hazardous and 
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expensive, and tliat the roof over working places was broken and often fell. 
Tue points where the squeeze was most apparent on the pillars aoc roof -are- 
designated by crosses (X) on the diagram. | | ee oe ae eee 


Opinions differ as to the most satisfactory length for rib lines and, 
in the mines used as a basis for tuis report, rib lines less than 500 feet 
and up to 4,000 feet long were being maintained. Tne principal factors . 
determining the length of rib lines are the strength and tniclkmess of. tue 
roof, control of ventilation, and the production requirements. Only tne 
first of these has any direct vearing on the control of the roof; the. second 
is purely a safety measure and cepends on the size of prszel that can be 
vontilated safely by a separate split of air; the third factor, depending on 
production requirements, becomes important if the output demands fluctuate | 
widely, in which case snort lines may be more satisfactory. 


Careful consideration should be given in planning pillar extraction to 
provide rib lines of sufficient lengtn to prevent strong roof strata from 
spanning the open area across the panel or section from wiich pillars are be- 
ing extracted. An instance illustrative of this was found in a mine operating 
in the Pittsburgh bed, a section of waich is reproduced in Figure 5. 


The main roof over this. mine consists of limestone, snale, and clay; tie 
limestone comprises GO per cent cf the cover, some beds of which are difficult 
to break. Referring to Figure 5, it will be noted that the total distance be- 
tveen face entries is 1,300 feet, of which 400 feet is reserved in barrier 
pillars cOO feet wide along each fece entry. This leaves °O0O feet in which 
to drive rooms and ez:tract pillars; however, instead of driving roaqus entire- 
ly across this distance as a single panel, the policy has been to turn rooms 
and recover pillars in only half of the vanel, or across section A, having a 
span of only 450 feet. Tue lover roof strata breaks readily and falls are 
maae a8 the pillars are removed, but no surface breaks have been found nor 
other evidence tnat would indicate subsidence of the main roof over this sec- 
tion. It is therefore evident that some stratum or group of strata in the 
main roof can not be broken across e span of only 450 feet. This conclusion 
was further substantiated wien a squeeze developed over section B as rooms 
were turned near section A. Had the roof broken to the surface over section 
A, tne pillars in section B would nave been supporting only the roof over tnet 
section, and as the pillars were extracted, tie roof would have continued to 
break and relieve tne remaining pillars. A section thrown the roof at M-M 
su.owing the possible behavior of the roof is given in Figure 6. It is be- 
lieved that subsidence is arrested at the limestone, a suort distance above 
the Sewickley bed. ‘This limestone is. exceptionally strong end frequently 
occurs as a single bed JO to 40 feet thick. 


Assuming that the roof over section & behaves as shown, the unbroken | 
strata will be supported equally by the coal on each side of tne mined area, 
As the rooms are driven in section 3, approximately 60 per cent of the 
support is removed nlong one side of the goaf and the roof commences to bend 
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and crush the pillars. The squeeze may be arrested by leaving a barrier 
pillar between sections A and B strong enough to nold the roof, but this 
would necessitate the loss of coal left in the piliar and might cause further 
loss due to falls of the immediate roof. Instead of merely arresting the 
squeeze and getting such coal as might be reccvered safety after leaving a 
barrier pillar, a metnod snould be adopted that would admit of the recovery 
of all coal and also break the roof, relieving excess weight from the pillars. 
4 plan suck as that illustrated in Figure 7 should prove satisfactory for this 
yurpose, although certain modifications in tue vidth of pillars might be 
necessary; however, this can only be determined by trial. After this pillar 
line is established, pillar extraction should be stcpped in section a until 
the pillars in section B have reached the line X-X in Figure 5, when a new 

rib line should be started as indicated, continuing across the entire panel. 


The Compound Line 


The compound line may best be described as a series of two or more — 
varallel singie lines, separated by offsets along which the roof may be broken. 
a typical line of this type is show in Figure 8. Such lines are frequently 
developed from a long single line when production mst be curtailed, and it 
is considered advisable to stop part of the rib line and work the remainder 
more or less regularly rather than attempt to maintain the entire line during 
intermittent operation. Under .such a plan as much of the upper portion of 
the line as can be worked tis continued, while the lover portion is stopped 
temporarily. When increased production is again required, the lover portion 
is started, but an offset nov exists in the break line wuich may be alloved 
to remain, or, if not too great, may be removed by speeding up the recovery 
in the lover portion. When mining under a strong roof, a squeeze sometimes 
develops at the offset if the lover line is started before the roof along the 
offset is broken. If it is planned to maintain the broken-:line the distance 
along the offset should be sufficient to allow the roof along the offset to 
subside and reach a state approaching equilibrium there it joins the goaf of 
the line following. This distance will depend on the time reqrired for sub- 
Sicence, and the rate at which the rib lines advance. If the civer is not 
more than 200 feet and no strata difficult to break are encountered, sub- 
Slidence may be practically complete in one year; but as a rule in the districts 
discussed in this paper, from 2 to 3 years are required for subsidence before 
pillars can be mined satisfactorily against, a goaf; tnerefore tiie length of 
offset should be two or three times the distance that the rib lines retreat 
annually, Compound lines are advantageous when production must be curtailed 
and are less difficult to maintain in perfect alinement when two or more rib 
bosses are required along a single line, but there is always a possibility of 
squeeze over the pillars adjoining the goaf of the preceding line if sub- 
Sidence is still active. 
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Diverging V-lines 

Diverging lines consist of two single lines tnat intersect to form an 
angle of less tnan 160°, the lines taking the general form of the letter V 
with the goaf lying witain the angle, as in Figure $...This type of line is 
used frequently to obtain a large production quickly and is started by remov- 
ing the pillars at the midpoint along one side of @ panel until a triangular 
goaf is formed with its base adjoining the solid coal and tue other sides 
forming tie rib lines, as in Figure 9, lines a and b, snowing successive 
stages of development. It will be noted, tuerefore, that .thne pillars may be 
extracted from a given panel in mich less time by using tris system than by 
using a single line. This system will generally prove satisfactory wnere the 
roof is easily broien, tut if massive strata, self-supporting across wide 
spans, are encountered in the roof end the pillars are being extracted slowly, 
some welgnt musy be encountered at the vertex, although it is not likely that a 
serious squeeze would develop with this method. When the vertex reaches the 
boundary of the panel, the goaf distance across the point increases until tro 
Single lines are formed. eee 


Converging V-lines 


Converging pillar lines are formed by reversing the procedure used in 
developing the diverging lines. As shown in Figure 10, tro rib lines are 
commenced at the extremities of one side of a panel, as represented by & and 
b which move tovard each other and finally intersect to forn the Y-shapad 
line c, with the pillars to be extracted lying wituin the angle. . The two 
break lines common to all V-shaped rib lines lie along the outer edges of the 
V and intersect at & point over the goaf beyond the last pillar. Figure llA 
shows the trace of a converging rib line where B and D represent the break 
lines theoretically intersecting at C; however, in practice the roof, unless 
structurally weak, seldom breaks in this manner at the vertex. Tie behavior 
of the roof over the intersection can be illustrated vy plecing a piece of 
cardboard, 8 to 10 inches square, over one corner of a table and allowing 
about one third to extend over the edz;e, as in Figure 11, B; then, while 
pressing the cardboard firmly against the top of the table, bend the project- 
ing cardboard along both edges of the table simultaneously. As this is done 
it will be observed that the cardboard bends readily near the extremities mt, 
ag the corner is approached, it benés less freely wntil the conflicting 
stresses from tue two sides become so great that the noriml] bending action 
ceases. This experiment demonstrates tne reactions that occur in any strong 
formation in the roof, and in a roof comprised of several such strata the 
stresses probably would be even more complex. as a rule these conflicting 
stresses prevent clean breaks as the coal is removed and increase tne load 
carried by the strata; as a result, tne pillars are crushed and unless the 
cover is light the reight develops a secondary break line across the vertex, 
as shown by E-E. The position of this line depends on tie roof weight at the 
vertex and the strength of the pillars, and generally lies approximately 100 
feet back of the vertex; but the stressed zone, as indicated by crushed 
pillers and broken inmediate roof, may extend back over S00 feet from the 
point, 
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Conflicting Break Lines 


In mines where several rib lines are maintained there is a possibility 
that the stresses produced along one break line will meet those set up by 
another line, wnich may, if the stresses.are of sufficient intensity, cause 
breaks in the immediate roof at points several huncred feet from either pillar 
line. In one mine the roof over developed rooms near one boundary line was 
broken as the result of stresses set up between a rib line in that mine and 
one in an adjoining mine. The two break lines were parallel but traveling in 
opposite directions. The roof over the rooms commenced to break when the 
opposing rib lines were about 900 feet apart, but at the time of visiting 
tie mines the interval vas only 200 feet, and the roof, a strong shale, was 
broen to a height of about 3 feet. 


In anotner mine heavy falls were occurring over a distance of about 400 
feet on the four headings of a main entry system which had been driven for 
several years, An examination of the mine maps shoved that four rib lines, 
two on each side of the entry, were in such position that their break lines 
mizht be ez:tended to form ana with the intersection over these neadings, 
which apparently accounted for the sudden failure of the roof. 


In one district studied, rooms were turned off both headings of each room- 
entry system and the pillars were recovered by the wethod lmown as the half 
advance and half retreat system. with this system, tie rooms on one heading 
are driven as the entry advances and the pillars are extracted as the rooms 
are finished. When the entry is finished the rooms on the other heading are 
started at the inby end and are folloved by pillar e:traction. If all the 
pillars on the advancing side have not been extracted before tue retreating 
line is started, conflicting stresses will be set up between the lines, often 
couging the loss of coal. This method of mining is not recomnended, especial- 
ly where the cover is heavy. 


ANGLE OF BREAK Lins 


All of the break lines described are at an anzle with the room faces. 
the primary cause for this angle is the stepping of the rib lines to break 
tie roof over the goaf instead of over the pillars, tiereby relieving the roof 
over the pillars of undue stresses. The angles made by the break line and 
room faces vary from 20° to 60°; however, in 75 per cent of the mines the break 
lines were maintained on an angle of approximately 45° to the room feces, 


The angle of the break line is a more important factor in controlling 
roof breaks than is generally realized and may be a determining factor in the 
success or failure of pill@r recovery. Most of the roof strata contain two 
sets of joints perpendicular to the bedding planes, one set parallel to the 
strike of the strata and the other parallel to the dip. <As the roof strata 
are largely concealed from direct observation except occasionally along out- 

- crops or along break lines, little is kmovm of the relationship that may exist 
between the cleats in _the coal and joints in the roof or the effect of the 
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roof joints in mining. In several instances, however, changes have veen made 
in either the direction or angle of break lines which have resulted in imoroveé 
roof conditions along the rib lines and indicate that pillar mining mizht be 
immroved in other mines by a thorougn study cf the rock structure and its 
benavior in pillar extraction, 

The following -e-amples are illustrative of tne results obtained along 
breek lines at 46° tio’ the room faces, but having bearings nor theast-southrest 
end northwest-southeast. | 


Several rib lines were teing vorked in mine A, opeued in the Pittsburgh 
coal under 450 feet of cover. About half of tnese lines had a general bearing 
northvest and southeast and the others were at 90° to these. All break lines 
made angles of appro:rimately 45° with tie face cleats in the coal. As the rit 
lines were developed it vas found that the roof broxe nore freely along the 
northvest-southeast lines, and when breaks appeared on the surface tneir 
courses had approximately the same direction, even when over the break lines 
running northeast. and soutuvest. To take advantage of the better roof breaks 
along the northwest-soutkeast rib lines, the management now plans to dis- 
continue the rib lines at 90° to these as rapidly as possible, and in new 
development proposes to extract pillars along lines parallel to the pence 
of weakness in tne noers 


In mine B, opened i the pitteburgh coal under cover averaging 150. feet, 
the rib lines are maintained at an amile of approximately 45° to the room 
faces or face cleats in the coal and have a general direction northeast and 
southwest. Lying a few inches above the coal over a large part of the 
property is a bed of. hard sandstone and sandy shale, 20 to 50 feet thick, 
having pronounced joints 15 to 25 feet apart, their course being approximately 
45° to the face cleats and normal to thet of the break line. These joints 
cause the roof to break in large blocks whose weight sometimes crushes the 
corners of pillars extending into the goaf. To prevent this, it was deciéed 
to strengthen the pillars along the break line rather than change its direc- 
tion, as it was believed advisable to keep the break line normal to the joints 
rather than parallel to them. This vas accomplished by splitting the pillars 
parallel with the rooms as shown in Figure lz, thus reducing the maximum off- 
sets along the rib line from 100 feet to 50 feet and reducing the goaf area 
between steps proportionally. Since tnis method was adopted the corners of 
pillars have been crusned less and the’ roof appears to be less heavily 
stressed over the working places, 


Mine C, opened in the Pittsburgh coal, has two rib lines, eacn under 
about 450 feet of cover. Both lines are over 2,000 feet long and cross the 
face cleats in the coal at an angle of approximately 45°; one line has a bear- 
ing roughly northeast and southwest and the other, 90° to the first, is north- 
west and southeast. ‘The lowest stratum of tne main roof over the mine consists 
of 35 to 40 feet’of. strong sandstone. This is separated from the coal bed 
over the nortawest-southeast rib line by a fev feet of shale and coal, but 
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over the other rib line the sandstone is only a fer inches above the coal. 

As the latter rib line was developed, much difficulty was experienced in 
breaking the roof. After several methods of extracting the pillars had been 
tried it was found that best results were obtained by shortening the steps 
along the rib line while maintaining the 45° break line. This was accomplished 
as in mine B, except that the pillars were mined by the open-end system instead 
of by pockets and stumps. No difficulty was experienced on tne northwest- 
southeast rib line using the full block system, altbougn splitting the pillars 
was tried, 


_ The results of these observations in the three mines are shown in 
‘Figure 15. In this diagram the average bearing of the face cleats has been 
used, as has also been done to obtain the beszring vf the anticlinal axes, As 
all of the rib lines were at 45° to the face cleats, they may be represented 
by the two lines intersecting at a right anzie as shovm. It will then be ob- 
served that the rib lines in mine A, along which the roof breaks more fresly, 
heve the same bearing as the full-stepped line in mine C and that the short- 
stepped line in C and the saort-stepped lines in mine B have the same bearing. 
Mines A and B are in West Virginia and mine C in Pennsylvania. The two in 
west Virginia are about 10 miles apart, while mine C is over 40 miles from 
the former, 


In the mines of one company operating in the Pittsburgh bed in 
Pennsylvania, it has been found that better roof breal:s are obtained and less 
difficulty is experienced with the immediate roof in working places along the 
rib lines. by maintaining the break lines at angles of 30° to the. butt cleats, 
where places are driven on the butts, and 70° to the butt cleats where the 
places are driven on the feces, Little is known of the min roof structure 
in these mines, and it is not known whether the joinis in the main roof or 
those in the coal are responsible for the choice of these angles. 


In several mines having a strong, tough roof it is necessary to have the 
greatest possible support extended to the break line to prevent the strata 
from bending excessively over the working places. This may be done along a 
5° break line by shortening the steps as in Figure lé2, or it may be effected 
ty changing the angle of the break line as in Figure 14 in which two full- 
stepped rib lines, one at 45° and the other at 30°, are compared. An examina- 
tion of these show that the unsupported area A betrreen the pillars when rooms 
are on 100-foot centers is 5,000 square feet along the 45° break line and 
2,900 square feet along tiie 30° line; the distance c between points of support 
along the breakline B-B is 141 feet for the former and 116 feet for the latter; 
and the distances d from S-S, the line of maximum pillar support to the break 
line, are 71 feet and 50 feet, respectively. 


This distance d is an important factor in. breaking the roof and in main- 
taining a sound roof over the working places along the rib line. It has been 
Stated that with the roof behaving as a cantilever, the bending moments and 
Bear stresses are maximum along the points of support; as the maximum pillar 


1003 =)? 


Google 


1.C. 6727 


support is along S-S and gradually diminishes to B-B, tuere will be e certain 
amount of bending over the pillars tetreen S-S and B-B. Obviously, this will 
be greatest along 5-B and will decrease to practically zero along S-S. It is 
tnerefore evident that as the distence d becomes shorter, the roof stresses 
will become mere concentrated, facilitating the fracture of the roof and re- 
ducing tne area cver which the immediate roof will be disturbed. - . 


Rooms and crosscuts have been shorn on 100-foot centers; however, the 
same ratios will ez:ist for other centers or where the pillars have been split, 
the only difference being taat shortening the room centers reduces the propor- 
tion of sclid coal along the rib lines and is equivalent to widening tne roozs 
without changing the centers. -" 3 


BEHAVIOR OF PILLARS ALONG RIB LINES 


It has been suowm thet a certain amount of bending occurs over the 
pillars adjoining the rih line. The extent to which the roof bends is con- 
trolled by the distance between the break line and tne line of support and the 
resistance afforded by the coal pillars. The first factor may be controlled 
by methods already described; control of the second depends on the structure 
ana strengtao of the coal, 


The vertical joints or cleats commonly found in the coals of bituminous 
end semibituminous rank are probably the most important structural features 
to be considered. These joints, although sometimes more or less obscure, 
generally occur in two sets intersecting at approximately 90°. The longer and 
more pronounced of these joints are known as the face cicats, while the otners, 
wnich are suorter and less defined, are kmotmm es the butt or end cleats. 


As a rule, when a pillar“is subjected to excessive load, cracks develop 
@long the face cleats and pronounced spalling of the coal occurs along the rib 
parallel to these joints. The depth to vhich the pillars are affected depends 
on the load and the degree of development of the joints. This is particularly 
noticeable in pillar work where the pocket-end-stump methed of extraction is 
used. Referring to Figure 2 A, which is representative of this method, it 
will be noted that in the stump along the pocket turned off the room the face 
cleats are parallel to the longer sides, and in the stump adjoining the pocket 
driven off the crosscut the face cleats are parallel to the ends, After ob- 
serving the behavior of coal in bota types of stumps in both the Pittsburgh 
and Sewickley coal beds, the writer is convinced tnat in tyvo con,ruous 
rectangular pillars, one with the face cleats parallel to the longer sides and 
in the other parallel to the snorter sides, tne former will offer less re— 
sistance to roof pressure than the latter and this difference will become 
greater as the length of the villars increases with respect to the breadth. 


The extent to which the arrangement of the cleats in stumps affects the 
main roof is not definitely known, provided that a straigat break line is 
naintaineds hovever, stumps in whicn the face cleats are varallel to the 
suorter sides are knorm frequently to break the immeciate roof over pockets 
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driven in pillars in the Pittsburgh coal. In many mines this effect has been 
overcome by making such stuups narrower than those in which tie face cleats 
are parallel to the longer sides. In most mines in tue Pittsburgn coal it is 
possible to leave stumps l2 to 15 feet wide where tiie face cleats are parallel 
to the longer siaes, while the stwops at right angies to tnese generally mst 
be ‘xept less than 6 feet wide in order not to breal: tue immediate roof over the 
face pockets.’ In a few mines the difficulty attencant uyon leaving stumps 
along tke face pockets is eliminated by driving onl, butt nockets, along which 
it is possible to leave stumps two machine-cuts thics; hovever, this method is 
not always advisable, as it is sometimes necessar, to keep the pillar blocks 
as nearly square as possidvle, One company nas manezed this in a most commend- 
éeble manner by’ driving butt pockets off the rooms, leaving stumps le feet wide, 
and by driving face places on the open end, leaving a tuin curtaia of coal not 
to exceed 2 feet taick to prevent roci: in the goaf from sliding into the work- 
in: place. After each face place is driven across tne end of a pillar, two 
sl<:bbing cuts are made from the pillar, as in Figure 15, This method permits 
‘ths removel of as much ‘chal from the end of the pillar as would be taken if 
mined by pock kets, leaving 12-foot stumps. . 


The poorly defined dieate in the Pocahontas No, vu ; coal apvarently have 
no effect on the method of mining; hovever, the friable nature and columnar 
structure of this coal causes it to behave along all ribs much as does the 
harder Pittsburgh coal parallel to the face cleats, At the vertex of converg- 
ing rib lines in one mine where the coal was 7 feet thick and under 500 feet 
of cover, the coal along the ribs wes badly crushed and spalling from tue 
' gides, but when the pockets vere driven'to a-depth of 6 reet in the pillar no 
visible evidence of crushing was found. This would indicete that vith the 
vocket-and-stump method of pillar extraction, stumps lz to 14 feet wice might 
oe used successfully. This assumption was corne out in three mines where lée- 
‘foot stumps were the standard, In another mine the stumps vere 6 to 8 feet 
tiiick and were apparently causing no difficulty, altnowgs they vere sometimes 
‘cxushed more than when wider. In one mine the pillars were removed on the 
open end with fair results. In this mine the recovery vas higi, tut the work- 
ing places were in worse condition generally than those found in an edjoining 
wine having the same management but where tne pocket-and-stump method was used. 


MAINTAINING RIB ALINEMENT 

After establishing a rib line every effort mst ve made to maintain a 
straight break line. If pillars are recovered as tne rooms are finished, . 
adequate '‘déevel.cpment must be provided to preclude delays along the rib line 
while waiting for rooms to be finished. Conversely, if all rooms heve been 
driven before commencing pillar recovery, every effort snould be made to. ob- 
viate delays cue to reconditioning the rooms for pillar mining. Falls and 
water are causes of delay that may be avoided or mitigated by regular inspec- 
tien and by xeeping necessary supplies on hand. Lack cf adequate supplies is 
@ common cause of delay in many mines. Every effort should be made to antic- 
ipate the operating necessities, 
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Competent supervision is essential in all underground work and it be- 
comes imperative in pillar extraction if best results ars to be obtained. 
as en aid to the pillar bosses, guide lines pe@rallel to txe break line may 
be drawn on the maps furnished them. The points on tne villars were these 
lines intersect the ribs should then be marked with white painut and ziven a 
number or letter corresponding to that of the line on tue blueprint. These 
lines should be spaced to represent not more than 50 feet and if possible 
should be spaced to represent the distance that the pillar is shortened bv 
eech successive pocket-and-stump or open-end cut. Witx such guides taere 
snould be no excuse for irregularities in the rib line, provided that it 
was not delayed by lack of development, extensive falls, or water. 


Several mines have adopted a plan kmown as the "clean-up" system that 
makes possible a more uniform rate of advance or retreat. This system em 
bodies the princinvle of providing each loader with only 8s. much coal for 
loading as he can dispcse of during the shift, along with his other duties. 
In one mine opened in the Pittsturgh bed each loader averaged 1$.3 tons per 
8-hour shii't in addition to drilling tkree holes, settin;; one permanent post, 
and advancing his track. No draw slate is handled, as a stratum of coal is 
left up to support it. Witn such a system, all working places are cleaned 
up at the end of a shift and are ready to be cut on the night shift, so that 
the foreman is able to estimate accurately the rate of advance or retreat 
of each place. 


COMMO:x, CAUSES OF FAILURE IN PILLAR MINILG 


Fillar recovery has been unsuccessful in some districts or in individuel 
mines, giving rise to the belief that pillar extraction is impossible in 
tiose places. This may be true in a few instances, as in thin coal beds 
overlain with a tough roof that bends to the floor without breaking or where 
fracturing the roof would cause serious inflows of water. Usually, aowever, 
disappointing results in pillar extraction may be attributed to tne failure 
of the management to consider carefully all of the factors that affect pillar 
mining. In one district where several unsuccessful attempts have been made 
to recover pillars, the failure may be attributed to the following causes: 
(1) Leaving room pillars too small; (2) meking rib lines too short; (3) in- 
proper choice of pillaring method; and (4) incomplete recovery. 


If pillars are to be recovered, they should be at least as wide as the 
rooms and wider if the cover is heavy. It is interesting to note that in 
those districts where pillar recovery is most systematic, the ratio of the 
roow widths to the pillars varies from 1:5 to 1:9 and avera;ses 1:7; whereas 
in the districts where pillar extraction is considered impossible, tne 
retios are from 1:0.4 to 1:0,5. 


The length of the pillar line as a factor in successfully breaking the 
roof has been fully discussed, but it is well to add that more pillar mining 
hes failed hecause tie rib lines were too short than beceuse they were too 
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Every effort should be made to find the pillaring method wost suitable 
to conditions in the mine. In the mines where best results were attained in 
recovering pillars, toe poctet-and-stump or the oven-end metiod or a combina- 
tion of the two methods wag used, tuereas in those wines where pillaring was 
considered a failure, the slabbing method was used inost frequently. If the 
rooms are criven on the face cleats and the pillars are too narrow for botn 
butt and face places to be driven, it is believed tuat butt pockets leaving 
a stump 6 to 7 feet thick will be most satisfactory. 


Complete recovery or the removal of all standing pillars that could re- 
.crd subsidence is essential where tne coal is overlain witha strong roof. 
1.tis is considered of such importance by some companies that every pillar mst 
be removed even if abnormal.conditions occasionally make extraction of an in- 
dividual pillar cost more than may be realized from tue coal, This practice 
is folloved to prevent squeezes which might prove more expensive than recovery 
of single pillars. 


In the districts where pillar recovery is practiced, tne results some- 
tines are far from satisfactory. Occesionally, tnese effects may be attributed 
to inherently bad roof waich will not respond in any marked degree to the min- 
ing methods now practiced, but more often the cause may be traced to indiffer- 
ence or inexperience on the part of the management. The more common causes of 
incomplete success in pillar extraction in the districts Where pillar mining 
is generally practiced are: (1) Irregular alinement of rib lines; (2) con- 
flicting treak lines; (3) delay in recovery of pillers; (4) failure to observe 
the behavior of the roof; (5) improper method of e::tracting pillars; and (6) 
incomplete recovery. 


Irregular alinement is probably responsible for most of tue difficulty 
e-::perienced in pillar extraction. Every effort should be meade by the manage- 
ment to maintain a straight break line, In addition to tne metaods previously 
described for mednteiniae: rib alinement, some companies employ pillar insnec- 
tors or fall bosses whose principal duty is to see tiet the break line is kept 
straight. Whenever possible, tue single form of riv line should be used and 
every effort should be made to avoid the converging V-forn. 


Conflicting break lines often cause the roof to break over working places, 
even in solid coal. This generally can be avoided by careful planning and by 
.Aintaining a minimum number of rib lines. 


Rooms snould be driven primarily to develop pillars for recovery rather 
tnai as & principal source of output. Overdevelopment in the form of rooms 
is due generally to the management's being inexperienced in pillar mining and 
expecting to obtain a large output at low production cost. Rooms where 
pillars are extracted should be driven just far enou,jh in advance of pillar 
mining to preclude the possibility of delay along the rib line. 
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The angle of break in the roof should be determined as early as possible 
and the break lines saould parallel the natural fracture line in the roof, 
Where this is impracticable, the length of step along the rib line snould be 
regulated to provide tue best possible breaks. 


The same method of extracting pillars will not be successful in all mines 
and the management should lose no time in determining the method best adapted 
to the local conditions. In general, some form of the pocket-and-stump methoi, 
open-end method, or combination of the tro should be used. Observetions in 
tue mines studied seem to indicate treat where pillars are mined on the butt 
cleat the pocket-and-stump metnod, leaving a stump-7 to 15 feet wide, is most 
successful; but when places are driven on the face cleats the open-end metuod 
has proved best. Ina soft coal without pronounced cleat tne pocket-and-stum 
wnetnod -orarently is better, but if the coal is hard and does not spall along 
the riot, the open-end method might prove better. 


CONCLUSION 
The foregoing discussion deals with engineering practices in mine develo:- 
ment. Particular stress is laid on the importance of pillar recovery and on 
conservation and economy, but the predominating thougat hes been to present 


the methods which appear to give promise of greater safety against personal 
injury from falls of roof or coal. | 
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Figure 15 pie pillars bya combination of pocket-and-stump 
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